Survival, weight loss, translocation and histological alterations in the terminal ileum, liver and spleen were studied in mice simultaneously immunosuppressed with cyclophosphamide and treated or not with Saccharomyces boulardii until the death of all animals. The animals were divided into five groups: C1 (not immunosuppressed, not treated); C2 (immunosuppressed, not treated); B1 (immunosuppressed, treated with S. boulardii 10.0 mg); B2 (immunosuppressed, treated with S. boulardii 1.0 mg) and B3 (immunosuppressed, treated with S. boulardii 0.1 mg). Survival was higher in group B3 than in the other immunosuppressed groups. Weight loss was observed for all groups except C1. By day 7, some animals from each group were killed by ether inhalation for the determination of bacterial translocation and histopathological examination. Bacterial translocation to the liver was lower in groups C1 and B3 than in the other groups. The highest translocation to the liver and spleen was observed in group B1. Low S. boulardii translocation was observed in some animals, principally to the mesenteric lymph nodes. Histopathological examination showed a decrease in epithelial cell turnover with villus length reduction and loss of brush borders in group C2. Relative protection against these alterations was obtained when the animals were treated with the yeast, independently of the dose. Higher expression of the lymphoid component was also noted in the ileal lamina propria, liver and spleen of mice treated with the yeast, together with activation of the reticulo-endothelial system, when compared with group C2 where lymphocyte depletion was observed. This study suggests a relative protection of immunosuppressed animals by treatment with S. boulardii, but this phenomenon was inversely proportional to the yeast dose.
Introduction
Aggressive cytostatic treatment applied for remission induction therapy in leukaemic patients results in increasing granulocytopenic episodes, as well as serious damage to the epidermal and mucosal barriers and deterioration of humoral defence and cell immunity. Therefore, severe bacterial and deep mycotic infections are the main cause of complications and death in patients with acute leukaemia [I] . The majority of these severe infections are of endogenous origin, i.e., caused by micro-organisms that have colonised the mucosal surface of the gastrointestinal (GI) tract and then have translocated.
Translocation is defined as the passage of viable microbes from the GI tract across the mucosal barrier to extra-intestinal sites [2] . Bacterial translocation, as measured by the appearance of viable bacteria in extra-intestinal organs, is promoted by three major mechanisms: (i) physical disruption of the mucosal barrier [3], such as occurs with ischaemia and reperfusion injury during endotoxic or haemorrhagic shock; (ii) intestinal bacterial overgrowth following disruption of the GI ecology by oral antibiotics, protein malnutrition or shock; and (iii) decreased host immune defences [4] , resulting from immunosuppressive drugs or diseases such as cancer and AIDS.
The growing number of immunological incompetence situations promoting translocation has justified research on immunotherapeutic agents which may potentiate the resistance of an incompetent host. Biotherapeutic agents (probiotics) are known to offer an alternative to conventional antimicrobial agents to which many pathogenic micro-organisms eventually develop resistance [5] . A study in healthy human volunteers showed that oral administration of Saccharomyces boulardii activates both the complement and reticulo-endothelial systems [6] . No serious adverse effects have been reported with the biotherapeutic agents tested to date [5] . An obvious concern in the use of biotherapeutic agents is administration to severely immunocompromised or debilitated patients such that invasion into the systemic compartment might occur. However, there is limited information on the use of biotherapeutic agents in immunocompromised hosts. In mice immunosuppressed with prednisolone, orally administered S. boulardii decreased both the incidence of Candida albicans translocation to the mesenteric lymph nodes (MLN), liver and kidneys, and the number of translocating C. albicans per gram of MLN, spleen and kidneys [7] . S. boulardii was used in a double-blind, placebocontrolled trial in patients infected with HIV and presenting with chronic diarrhoea; 56% of the patients treated with the yeast had resolution of this diarrhoea compared with 6% of the patients on placebo [8].
Beyond the initial clinical trials of effectiveness against various diseases, biotherapeutic agents need to be characterised with the same dose-ranging studies expected for standard chemical investigational drugs. The published studies have rarely presented data on dose-dependent efficacy of the agents.
This study examined the effect of different oral doses of 5' . boulardii on survival, microbial translocation and histological alterations in the terminal ileum, liver and spleen of mice immunosuppressed with cyclophosphamide.
Materials and methods

Mice
Male NMRI Swiss mice (Central Institute for Animal Breeding, Hannover, Germany), 1 month old, were used (initial weight 20.04 SD 1.36 g). The animals were given a commercial diet (Nuvital, Curitiba PR, Brazil) for rodents and water ad libitum.
Experimental design
The animals were divided into five groups: C1 -not immunosuppressed, not treated; C2 -immunosuppressed, not treated; B 1 -immunosuppressed, treated with 10.0 mg of S. boulardii; B2 -immunosuppressed, treated with 1.0 mg of S. boulardii; and B3 -immunosuppressed, treated with 0.1 mg of S. boulardii. The mice were weighed at the beginning of the experiment and at day 7, when some of the animals from each group were killed by ether inhalation to determine translocation and for histopathological examination. The cumulative mortality was observed in the remaining mice until the end of the experiment, at day 30.
Treatmert ts
In the immunosuppressed model, mice were given cyclophosphamide (Enduxan; Shionogi and Co. Ltd, Osaka, Japan) 100 mg/kg by intraperitoneal injection on alternate days. When mice were given S. boulardii (B groups), the treatment was given concurrently by daily intragastric intubation with 0.1 ml of yeast suspension during the same period. Lyophilised S. boulardii (Floratil; Merck SA, Rio de Janeiro RJ, Brazil) were suspended to the appropriate concentration in sterile PBS. In control animals (C groups), the same schedule was followed with saline for injection or intubation, or both.
Microbial translocation test
The MLN, liver and spleen of each mouse killed after 7 days were removed aseptically, weighed and homogenised in a sterile grinding mortar. Ten-fold dilutions were performed and used for bacterial and yeast counts by plating on to Brain Heart Infusion Agar (Difco) and Sabouraud Dextrose Agar (Difco), respectively. Plates were incubated overnight or for 72 h at 37°C before bacterial and yeast counts, respectively. Bacterial translocation was considered to be positive for values d lo2 cfu/g of tissue for liver and spleen and lo3 cfu/g of tissue for MLN. For S. boulardii translocation, the presence of any number of colonies was considered positive.
Histopathological examination
Fragments of the terminal ileum, liver and spleen were fixed with formaldehyde 4% and processed for paraffin embedding, and histopathological sections (3 -5 pm) were stained with haematoxylin-eosin. The slides were all examined by the same pathologist, who was unaware of the experimental conditions of each group. The slides were coded and decoded only after the report had been written.
Statistical analysis
The Kaplan Meier method and Wilcoxon and log-rank tests were used to compare survival times. Differences in translocation proportions were assessed by the Fisher's exact test. Comparisons of weight gain or loss were made by analysis of variance and co-variance and the Duncan multiple comparison method. All statistical analyses were performed with the Statistical Analysis System software (SAS Institute, Cary, NC, USA).
Results
Despite the progressively higher weight loss with a decreased yeast dose, there was no significant differSurvival ence between these values for the immunosuppressed Fig. 1 to the liver was observed in group Bl (10.0 mg of S. boulardii). Higher bacterial translocation was also observed in the spleen of group B1 animals, but in this case the results with the C2, B2 and B3 groups were statistically similar (p = 0.0001 5). When statistically similar data were grouped (Cl-B3; C2-B2; B1 for liver and C1; C2-B2-B3; B1 for spleen) and these groups were compared again by Fisher's exact test, the results obtained above for individual animals were confirmed and reinforced (p = 0.000381 for grouped liver data and p = 0.00001 1 for grouped spleen data). Translocation of S. boulardii was observed principally to the MLN. Translocation of the yeast to liver and spleen occurred rarely and always in animals with simultaneous significant bacterial translocation. In this case, the translocation levels of S. bouZardii never exceeded 2.0 or 1.0 loglo cfu/g of organ for MLN or liver and spleen, respectively. There was no translocation of yeasts of the normal GI microbiota in the C2 group (data not shown).
Histopathology
Histopathological examination of the terminal ileal mucosa showed a decrease in epithelial cell turnover, flattened enterocytes and brush border discontinuity in group C2 (Fig. 2A) . Relative protection against these alterations was obtained when the animals were treated with the yeast, independently of the dose (Fig. 2B ).
Higher expression of the lymphoid component in the ileal lamina propria, liver and spleen was also noted in mice treated with the yeast, including an activation of the reticulo-endothelial system, when compared with group C2 where lymphocyte depletion was observed ( Fig. 2A and B, Fig. 3A and B).
Discussion
The GI tract has been demonstrated to be a reservoir for bacteria causing life-threatening infections in cancer patients undergoing chemotherapy [9] , in bone marrow recipients [ 101 and in patients with AIDS [ 1 I].
Bacterial translocation from the GI tract is an important early step in the pathogenesis of opportunist infections for these debilitated patients.
It seems that all the components of the host immune system -including mucosal, cell-mediated and humoral immunities -are involved in reducing bacterial translocation. Secretory immunoglobulin A (sIgA) is thought to inhibit the close association of bacteria with the mucosal epithelium, and so to reduce bacterial penetration. Cell-mediated immunity in the lamina propria and in lymphoid organs provides a second line of host defence against bacterial translocation. [14] .
In this era of AIDS and selective immunosuppressive therapies which promote translocation, there is substantial interest in developing new methods of immune stimulation such as the use of probiotics. However, before a new substance can be used as an immunomodulator, it will have to be checked, not only as regards its efficiency in the enhancement of the immune response, but also as regards the absence of adverse side-effects for the host.
The results of the present study suggest that at a lower dose (0.1 mg) S. boulardii can reduce bacterial translocation from the GI tract (Table 1) and consequently the mortality (Fig. 1) -191 . Furthermore, after glucan administration, there is an increased production of interleukin 1 either by a direct effect on macrophages or indirectly by an increase in colony stimulating factor(s) production from glucan-stimulated T-cells [20] . The protective effect obtained with oral S. boulardii treatment and the simultaneous activation of the reticulo-endothelial system was confirmed histopathologically. The higher expression of lymphoid components in the ileal lamina propria, liver and spleen of mice treated with the yeast was also observed in previous works [ 16, 2 11. A significant increase in Escherichia coli blood clearance, as an indicator of the host's mononuclear phagocyte system activity, was found in gnotoxenic mice mono-associated with S. boulardii when compared with germfree animals [22] .
In group C1 mice, a low 'physiological' bacterial translocation was noted similar to the rates reported by others [2] . As suggested by Berg [23] , this very low level of translocation of indigenous bacteria could be beneficial in priming the host immune response to improve defence against overt or opportunist pathogens.
Consequently, although the results presented here are only preliminary and the experiments were conducted on an animal model, the reduction of bacterial translocation and mortality by a low oral dose of S.
boulardii suggests a possible therapeutic benefit of the probiotic for patients at risk for opportunist infections by their indigenous GI microbiota.
